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 ABSTRACT 
 The objectives of this study were to assess the agree-
ment between endometrial cytology and uterine biopsy 
for the diagnosis of subclinical endometritis (SEND) in 
grazing dairy cows, the interobserver agreement of the 
biopsy’s readings, and the bacterial population isolated 
from the uterus of cows having SEND. In experiment 
1, lactating Holstein cows (n = 44) 31 to 59 d in milk 
(DIM) at sampling were enrolled. Clinical endometritis 
was diagnosed by direct evaluation of vaginal discharge 
and SEND by endometrial cytology evaluation. Two 
hundred cells per smear were counted to determine the 
percentage of polymorphonuclear neutrophilic leuko-
cytes (PMNL). Cut-off values used were ≥8% PMNL 
at ≤33 DIM, ≥6% PMNL at 34 to 47 DIM, and ≥4% 
PMNL at ≥48 DIM. Biopsies were assessed blindly by 
2 observers who categorized them into 4 groups ac-
cording to their inflammatory changes: none, minimal, 
moderate, and severe inflammatory changes. Data were 
analyzed using the kappa coefficient and logistic regres-
sion. In experiment 2, lactating Holstein cows (n = 60) 
21 to 62 DIM were enrolled. Clinical endometritis and 
SEND were diagnosed as previously described. Samples 
were cultured for aerobic and anaerobic bacteria by 
routine methods of bacteriological testing. Data were 
analyzed with logistic regression. In experiment 1, little 
agreement was observed between cytology and biopsy 
outputs (kappa = 0.151), and strong agreement between 
the 2 operators (kappa = 0.854). The likelihood of hav-
ing a normal biopsy (no inflammatory change) was 
greater for healthy cows than for those having SEND 
(odds ratio = 13.145). The probability for getting nor-
mal uterine tissue decreased 2.1% for every increasing 
percentage point in PMNL. In experiment 2, no bacteria 
were isolated from cows with SEND, coagulase-negative 
staphylococci were commonly isolated from healthy 
cows, and Trueperella pyogenes was frequently isolated 
from cows with clinical endometritis. The likelihood of 
isolating T. pyogenes from uterine samples increased 
with the percentage of PMNL (odds ratio = 1.100). In 
conclusion, biopsy showed low agreement with cytology 
for the diagnosis of SEND. Nevertheless, fertility trials 
using uterine biopsies to predict pregnancy outcomes 
are needed to determine its diagnostic usefulness. Fi-
nally, bacteriology would not be recommended as a 
diagnostic tool because no bacteria were isolated from 
cows with SEND. 
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 INTRODUCTION 
 Subclinical endometritis (SEND) was first described 
as cytological endometritis considering the presence 
of PMNL in the endometrial lumen (Gilbert et al., 
1998), and then standardized by Kasimanickam et al. 
(2004) based on its negative effects on reproductive 
performance. Thus, those authors stated a threshold 
of percentage of PMNL, above which animals are diag-
nosed as having SEND and below which as not having 
it. Since then, some studies have shown that SEND 
is a common disease in postpartum dairy cows highly 
associated with poor reproductive performance (Kasi-
manickam et al., 2004; Gilbert et al., 2005). No gold 
standard exists for the diagnosis of SEND, which turns 
the task into a challenging one. Nevertheless, uterine 
cytological evaluation is the most used tool for SEND 
diagnosis (Kasimanickam et al., 2005). Cytobrushing is 
considered the best technique for obtaining endometrial 
cytological samples because it is easy and quick to per-
form (Barlund et al., 2008; Kasimanickam et al., 2005), 
and it is also safe and effective (Oral et al., 2009). 
 Other tools used for the diagnosis of uterine diseases 
in large animals are biopsy and bacteriology (Studer 
and Morrow, 1978; Dubuc et al., 2010). Uterine biopsies 
were used initially for the study of infertility in mares 
(Chapwanya et al., 2010) to predict the ability of the 
mare to conceive and carry out a new pregnancy (Ken-
ney, 1978). Biopsy provides detailed information about 
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uterine health status, and a 4-point scale has been de-
veloped for use in cows (Chapwanya et al., 2009) but, as 
far as we know, studies are still lacking relating biopsy 
scores with future fertility of the cow. In addition, only 
1 work exists evaluating its use as a diagnostic tool for 
SEND (Meira et al., 2012).
On the other hand, several bacteriological studies 
have shown that metritis and clinical endometritis in 
cows (Messier et al., 1984; Williams et al., 2005; Santos 
et al., 2010; Westermann et al., 2010) are related to 
nonspecific mixed infections involving environmental 
bacteria (Rutter et al., 1999; Sheldon et al., 2002; Petit 
et al., 2009) that invade the uterus at parturition and 
immediately after it. Among bacterial species causing 
endometrial diseases, Trueperella pyogenes (formerly 
Arcanobacterium pyogenes) and Escherichia coli are the 
most prevalent, but Prevotella melaninogenica, Proteus 
spp., and Fusobacterium necrophorum have also been 
reported (Griffin et al., 1974; Williams et al., 2005). 
So, it is logical to expect the same bacteria to be in-
volved in the pathogenesis of SEND. Whereas several 
bacteriological studies were carried out in the past to 
investigate the pathogenesis of puerperal metritis and 
clinical endometritis (Silva et al., 2009; Bicalho et al., 
2010, 2012; Sheldon et al., 2010), to our knowledge, 
only a few bacteriological studies have been carried 
out in this regard on SEND, with no conclusive results 
(McDougall et al., 2011; BaraĔski et al., 2012).
In summary, information is lacking about the useful-
ness of uterine biopsy for SEND diagnosis and about 
bacterial population involved in SEND cases in post-
partum dairy cows. Therefore, the main hypotheses to 
test were that a correlation exists between diagnostic 
outputs obtained by both cytology and biopsy, that 
high repeatability and agreement exist between biopsy 
readings, and that the bacterial population involved 
in subclinical cases is similar to that found in clinical 
endometritis. So, the objectives of this study were to 
assess (1) the agreement between endometrial cytol-
ogy (obtained by cytobrush) and uterine biopsy for 
the diagnosis of SEND in grazing dairy cows, (2) the 
interobserver agreement of the biopsy readings, and (3) 
the bacterial populations isolated from the uterus of 
cows having SEND.
MATERIALS AND METHODS
Experiment 1 
Animals and Evaluation of Vaginal Discharge. 
The study was performed in the experimental dairy 
farm of the National University of La Plata (Lomas de 
Zamora, province of Buenos Aires, Argentina; 34°75cS, 
58°46cW) where 44 lactating Holstein cows 31 to 59 
DIM at sampling were enrolled. Cows with BCS <2.5 
(5-point scale with 0.25 increments; Ferguson et al. 
(1994), retention of fetal membranes, abortion, or with 
intrauterine or systemic treatments were excluded from 
the study. Manual examination of the vagina and with-
drawal of the mucus by a gloved hand for direct inspec-
tion was performed in all cows. Vaginal discharge (VD) 
was classified as normal clear discharge (VD-0); clear 
discharge with flecks of pus (VD-1); mucopurulent, not 
fetid discharge (VD-2); or purulent or brown-colored, 
and fetid (VD-3; Williams et al., 2005). Clinical endo-
metritis was declared in cows having VD-1 through -3.
Cytological Evaluation. Samples of endometrial 
cytology were collected using a cytobrush modified for 
use in cattle (Madoz et al., 2013). Briefly, a stainless 
steel device was attached with a sterile brush (Medi-
brush XL; Medical Engineering Co. SA, Buenos Aires, 
Argentina). The device was covered for protection from 
vaginal contamination with a bovine split universal 
sheath (IMV Technologies, Paris, France). Once the 
cervix was passed, the cytobrush was exposed and rolled 
into the endometrium and then covered again with the 
protective sheath. Outside the vagina, the cytobrush 
was removed from the pistol grip and rotated on a mi-
croscopic slide. Smears were fixed with spray (Roby; 
Argencos SA, San Martín, Argentina) to preserve cellu-
lar morphology and stained (Tinción 15; Biopur S.r.l., 
Rosario, Argentina). Evaluations were performed under 
a microscope at 400× magnification, where 200 cells 
were counted to determine the percentages of PMNL. 
Cut-off values for the diagnosis of SEND were ≥8% 
PMNL at 21 to 33 DIM, ≥6% PMNL at 34 to 47 DIM, 
and ≥4% at 48 to 62 DIM (Madoz et al., 2013).
Uterine Biopsy. Samples of endometrial tissue were 
collected using a stainless steel biopsy instrument 53 
cm in length, having a jaw with cutting edges of 0.6 × 
0.4 cm (Chapwanya et al., 2010). Once the cervix was 
passed, the device’s jaw was opened into the uterine 
horn and then the jaw was closed and rotated 90 de-
grees to obtain an endometrial tissue sample. Then, the 
device was removed from the cow and the sample was 
placed in a 1.5-mL tube containing a10% formaldehyde 
buffered solution; then, formalin-fixed tissues were de-
hydrated through a graded series of ethanol solutions, 
cleared in acetone, paraffin-embedded, sectioned at 5- 
to 6-μm thickness, and stained with hematoxylin and 
eosin. Later, they were evaluated under a microscope at 
400× magnification and scored, independently of clini-
cal findings, by the grades of endometrial inflammatory 
infiltrates. All biopsies were assessed by 2 observers 
blinded to the cows’ identification and categorized with 
a simplified scale described by Chapwanya et al. (2009), 
using the following categories: 0 = uterus with no in-
flammatory infiltrate (UB-0), 1 = minimal inflamma-
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tion characterized by a low grade of lymphocytic and 
PMNL infiltration (UB-1), 2 = moderate inflamma-
tory changes characterized by prominent lymphocytic 
and PMNL infiltration (UB-2), and 3 = severe inflam-
mation characterized by a high grade of monocytes 
and PMNL infiltration (UB-3). A cow was considered 
healthy just if presenting UB-0.
Statistical Analysis. The cow was considered the 
experimental unit. Agreement between diagnostic out-
comes from cytology (SEND: yes vs. no) and uterine 
biopsy (SEND: yes vs. no) were evaluated by the kappa 
coefficient with PROC FREQ of SAS (SAS 9.1; SAS 
Institute Inc., Cary, NC). Interobserver agreement was 
evaluated by the weighted kappa coefficient with PROC 
FREQ. The likelihood of getting normal uterine tissue, 
defined as UB-0, was analyzed with PROC GENMOD 
(SAS 9.1) by using a binomial distribution (UB-0 vs. 
UB ≥1) and logit link function, and by including the 
fixed effect of SEND (yes vs. no) in model 1 and the 
percentage of PMNL as a continuous variable in model 
2. The following equation: odds ratio (OR) percent-
age = (OR − 1) × 100 was used to transform OR for 
continuous predictors into percentages (Allison, 1999). 
The equation: β × Pi(1 − Pi) was used to correct OR 
(Allison, 1999), where β is the regression coefficient for 
the predictor and Pi is the probability of the event. 
Statistical significance was set at P ≤ 0.05, and a trend 
for significance was set at P ≤ 0.10 and >0.05.
Experiment 2 
Animals. The study was performed in a commercial 
dairy farm located in Marcos Paz (province of Buenos 
Aires, Argentina; 34°56cS, 58°47cW) where 60 lactating 
Holstein cows between 21 to 62 DIM were enrolled. 
Exclusion criteria included cows receiving antibiotics 
that would have the potential for distorting the bacte-
rial isolations.
VD, Uterine Cytology, and Bacteriology. Clini-
cal and SEND were diagnosed through VD and endo-
metrial cytology evaluation as previously described in 
experiment 1. Samples used for bacteriological diagno-
sis were obtained from healthy cows (i.e., VD-0 and 
negative cytology evaluation), from cows with SEND 
(i.e., VD-0 and positive cytology evaluation), and also 
from cows with clinical endometritis (i.e., VD-1, -2, and 
-3) that acted as positive controls. These samples were 
obtained by a similar procedure to that described for 
uterine cytology with the addition of an extra cover 
sheath to avoid brush contamination. Then, brushes 
were placed in plastic tubes containing Stuart’s trans-
porting media (Eurotubo; Deltalab SL, Barcelona, 
Spain). Tubes were kept in an insulated container with 
transportation freezer packages until delivered within 
6 h at the Bacteriology Laboratory (Faculty of Veteri-
nary Science, National University of La Plata, La Plata, 
Argentina) for processing. Bacteriological samples were 
cultured for aerobic and anaerobic bacteria by routine 
methods of bacteriological testing. Briefly, each brush 
was streaked in aerobic culture at 37°C for 48 h on plates 
containing sheep blood agar (Laboratorios Britania, 
Buenos Aires, Argentina) and in anaerobic culture in 
an anaerobic atmosphere with 5% carbon dioxide, 10% 
hydrogen, and 85% nitrogen (Hirayama Anaerorator; 
Hirayama Manufacturing Corp., Kasukabe, Japan) for 
up to 9 d on Brucella agar (Laboratorios Britania) with 
the addition of yeast extract (Oxoid Ltd., Basingstoke,, 
UK), hemin solution (5 mg/mL; MP Biomedicals Inc., 
Strasbourg, France), vitamin K (1 mg/mL; Fluka, Bio-
Chemika, Barcelona, Spain), and laked blood. Bacteria 
were identified based on colony characteristic, Gram 
staining, morphology, hemolytic ability, and biochemi-
cal profile according to Winn et al. (2006).
Statistical Analysis. The likelihood of isolating 
uterine pathogens from uterine samples was analyzed 
with PROC GENMOD of SAS by using a binomial 
distribution (negative vs. positive) and logit link func-
tion, and by including the fixed effect of uterine health 
status (healthy vs. SEND vs. clinical endometritis) in 
model 1, and the percentage of PMNL as a continuous 
variable in model 2.
RESULTS
Experiment 1
Data from 7 out of 44 cows were excluded because 
biopsy samples were unreadable; therefore, the results 
of 37 cows were included in the statistical analysis. The 
agreement between cytology and biopsy outputs had 
a kappa coefficient of 0.151 (P = 0.27), and between 
the 2 operators’ biopsy readings had a weighted kappa 
coefficient of 0.854 (P < 0.001). From healthy cows, 
40.7% had UB-0 (11/27), 56% had UB-1 (15/27), and 
4% had UB-2 (1/27). From cows with SEND, 75% had 
UB-1 (3/4) and 25% had UB-2 (1/4). Finally, from 
cows with clinical endometritis, 33% had UB-1 (2/6), 
50% had UB-2 (3/6), and 16.7% had UB-3 (1/6). No 
cow having SEND or clinical endometritis had UB-0. 
The likelihood of having a normal biopsy was higher 
for healthy cows than for those having SEND (adjusted 
OR = 13.145, 95% CI = 2.935–58.876; P < 0.001). 
In model 2, the likelihood of having a normal uterine 
biopsy decreased (P = 0.031) by 2.1% for every 1 per-
centage point increase in PMNL.
Experiment 2
Seventy-three percent of cows (44/60) had VD-0, 
12% (7/60) had VD-1, and 15% (9/60) had VD-2. No 
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cow was found with VD-3. Therefore, the prevalence 
of clinical endometritis was 27% (16/60). Surprisingly, 
some cows having clinical endometritis were negative 
for SEND according to cytological evaluation [28% 
(2/7) for VD-1 and 33% (3/9) for those having VD-2]. 
Finally, the prevalence of SEND was 14% (6/44 cows 
having VD-0).
No bacteria were isolated from cows with SEND, 
whereas CNS, Citrobacter spp., Micrococcus spp., Pep-
tostreptococcus spp., and nonfermenter gram-negative 
bacilli were isolated from healthy cows (Table 1). In 
the case of cows with clinical endometritis, the bacteria 
isolated were T. pyogenes in cows having VD-2 and 
CNS (Table 1). Finally, the likelihood of isolating T. 
pyogenes from uterine samples increased 0.6% for every 
increasing percentage point in the percentage of PMNL 
(P = 0.003).
DISCUSSION
One of the hypotheses to test in this study was that a 
correlation exists between diagnostic outputs obtained 
by both cytology and biopsy. Contrary to our expecta-
tions, we found a low degree of agreement between the 
2 diagnostic techniques (kappa = 0.151). Biopsy pro-
vides valuable detailed information about uterine tissue 
inflammation in cows (Meira et al., 2012). It is used to 
assess the histological status of the entire endometrial 
layers, whereas cytology is used to evaluate only the su-
perficial layer. So, by using biopsy, one could detect the 
varying degree of infiltration of PMNL and lymphocytes 
occurring during the estrous cycle (Studer and Morrow, 
1978). Conversely, as the superficial endometrial layer 
does not change significantly during the estrous cycle 
(Madoz et al., 2013), by using cytology, one could not 
detect the dynamics of immune cell infiltration during 
the estrous cycle. That is, the biopsy output would be 
influenced by the estrous cycle, whereas the cytology 
output would not. In a recent study, it was found that 
biopsy had a sensitivity of 0.44, a specificity of 0.92, 
and a kappa of 0.39 when compared with uterine cytol-
ogy for the diagnosis of SEND in dairy cows (Meira 
et al., 2012). It is important to note that cows in the 
present study were not estrus synchronized and were 
sampled only once, which did not allow us to evaluate 
physiological changes in immune cell infiltration during 
the estrous cycle. Also, this experimental design could 
have increased variability in both biopsy and cytology 
readings. Therefore, this study limitation could be an-
other reason for the low agreement found between the 
2 diagnostic techniques. Despite this low agreement, 
we found that an association existed between biopsy 
output and the uterine health status of the cow. Thus, 
the likelihood of having a normal tissue biopsy is 13 
times higher in healthy cows than in herd mates having 
SEND. We also found that this likelihood decreased 
2.1% for every increasing percentage point in PMNL 
(model 2). So, according to our data, biopsy would not 
be as useful for the diagnosis of SEND in the cow as it is 
reported to be in the mare, where it is used to evaluate 
the uterine ability to receive an embryo and to maintain 
a full-term pregnancy (Buergelt, 1997; Trigo Tavera, 
1998). Although cytology is commonly used to diagnose 
SEND, it is not the gold standard to define SEND. So, 
the lack of agreement between both techniques does not 
rule out biopsy as a diagnostic tool. Therefore, uterine 
biopsy as a reproductive tool deserves further explora-
tion in a controlled study in which the risk of becoming 
pregnant and maintaining a pregnancy are evaluated 
according to different biopsy scores.
Another hypothesis to test was that the bacterial 
population involved in subclinical cases is similar to 
Table 1. Bacterial population isolated from healthy dairy cows and from cows with subclinical and clinical 
endometritis 
Item
Diagnosis, % (no./total no.)
Healthy1 SEND2 CE3
Bacteria
 Trueperella pyogenes 0 (0/38) 0 (0/6) 25.0 (4/16)
 CNS 10.5 (4/38) 0 (0/6) 12.5 (2/16)
 Citrobacter spp. 2.6 (1/38) 0 (0/6) 0 (0/16)
 Micrococcus spp. 2.6 (1/38) 0 (0/6) 0 (0/16)
 Nonfermenter gram-negative bacilli 5.3 (2/38) 0 (0/6) 0 (0/16)
 Peptostreptococcus spp. 2.6 (1/38) 0 (0/6) 0 (0/16)
No isolation 76.3 (29/38) 100 (6/6) 62.5 (10/16)
1Defined as cows having neither subclinical nor clinical endometritis at 21 to 62 DIM.
2Subclinical endometritis, defined as cows having a normal clear vaginal discharge (VD) with ≥8% PMNL at 
21 to 33 DIM, ≥6% PMNL at 34 to 47 DIM, and ≥4% PMNL at 48 to 62 DIM.
3Clinical endometritis, defined as cows having clear VD with flecks of pus (VD-1); mucopurulent, not fetid VD 
(VD-2); or purulent or brown-colored, and fetid VD (VD-3) at 21 to 62 DIM.
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that found in clinical endometritis cases. It is widely 
accepted that uterine inflammation begins with bacte-
rial contamination of the lumen at the time of parturi-
tion, involving nonspecific infections caused by a large 
number of bacteria (Williams et al., 2005). In cows 
with SEND, no isolation was obtained, whereas CNS 
were frequently isolated together with other bacteria 
in healthy cows. In endometritic cows, T. pyogenes, a 
recognized uterine pathogen (Werner et al., 2012), was 
detected in most of the cases. Our findings in healthy 
and endometritic cows are in agreement with recent 
metagenomic studies of uterine microbiota, showing 
that large microbial diversity can be identified in the 
uterus of dairy cows, irrespective of their uterine health 
status (Santos et al., 2011; Santos and Bicalho, 2012). 
Contrary to what we hypothesized, we failed to isolate 
any aerobic or anaerobic bacteria from cows having 
SEND. One possible explanation would be that by 
the time SEND was diagnosed, bacteria might have 
already been cleared from the uterus by host defense 
mechanisms occurring while the inflammatory response 
was still under way, restoring the normal uterine envi-
ronment. This finding is in agreement with BaraĔski 
et al. (2012), who postulated that the percentage of 
PMNL above the threshold for SEND is more related 
to uterine involution and recovery than to uterine bac-
terial infection. Also, in another investigation, a low 
level of agreement between the presence of intrauterine 
pathogens and the percentage of PMNL was found 
(McDougall et al., 2011). Another possible explanation 
could be that the detected uterine inflammation might 
be caused by another kind of microorganism, such as 
fungi (Jeremejeva et al., 2010). It is also possible that 
the reduced number of cows having SEND could have 
diminished the chances of getting bacterial isolations 
from those cows, which is one of the limitations of the 
present study. Finally, as this study was performed by 
traditional culture methods instead of by more sophis-
ticated culture-independent methods (Rondon et al., 
2000; Santos et al., 2011), it is possible that bacteria 
remained unseen in our SEND cows, probably hidden 
behind inconspicuous cell morphologies, increasing 
the number of uterine samples without isolation. In 
this sense, some progress has recently been achieved 
by using culture-independent methods to study viru-
lence factors of bacteria in cows having metritis and 
endometritis (Silva et al., 2009; Bicalho et al., 2010, 
2012; Sheldon et al., 2010; Santos and Bicalho, 2012). 
However, to the authors’ knowledge, no study using 
culture-independent methods exists that reports the 
unseen bacterial population in cows with SEND.
The percentage of cows detected with SEND (14%) 
in the current study is in agreement with recently re-
ported prevalences of 17% (Madoz et al., 2013) and 
13% (Ribeiro et al., 2013) for grazing cows, but it is 
much lower than what is mentioned by most of the 
published papers (Raab et al., 2004; Gilbert et al., 
2005; Kasimanickam et al., 2005; Hammon et al., 2006; 
Galvão et al., 2009; Plöntzke et al., 2010). Madoz et 
al. (2013) proposed that as grazing dairy cows have 
lower milk production than confined cows, they would 
face less marked metabolic stress during early lactation 
and would be able to better cope with the elimination 
of uterine bacterial contamination, leading to lower 
endometritis prevalence in grazing cows. Another ex-
planation could be that as cows with low BCS, reten-
tion of fetal membranes, abortions, and intrauterine or 
systemic treatments were not included in the current 
study, the proportion of cows with SEND was reduced.
Regarding clinical endometritis, we found that 27% 
of cows were affected. Surprisingly, not all the cows 
having clinical endometritis showed evidence of cyto-
logical inflammation (22% of cows with VD-1 and 34% 
of those having VD-2). Therefore, these cows were false 
positives for clinical endometritis. A possible explana-
tion for this interesting finding could be that manual 
examination of the vagina with a gloved hand does not 
allow differentiating the origin of the detected pus: va-
gina versus uterus. So, the purulent discharge of these 
animals could have originated from cervical or vaginal 
inflammation instead of uterine inflammation (Dubuc 
et al., 2010; Madoz et al., 2010; McDougall et al., 2011; 
Machado et al., 2012). This result is in agreement with 
a recent paper reporting 17 and 29% false positives for 
clinical endometritis diagnosed by vaginoscopy, consid-
ering threshold values of 5 and 18%, respectively, as 
indicative for endometrial inflammation (Westermann 
et al., 2010). Also, another study found that only 36 
and 38% of cows with clinical endometritis had cyto-
logical endometritis at 35 and 56 d after parturition, 
respectively (Dubuc et al., 2010).
CONCLUSIONS
As a low degree of agreement existed between the 
diagnostic outputs of uterine biopsy and cytology, this 
technique would not seem useful for the diagnosis of 
SEND. Nevertheless, fertility trials using uterine biop-
sies to predict pregnancy outcomes are needed to de-
termine its diagnostic usefulness. Finally, bacteriology 
is not recommended as a diagnostic tool because no 
bacteria highly associated with uterine diseases were 
isolated from cows with SEND.
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